As of May 30, 2013, an outbreak[@bib1] of avian influenza A H7N9 virus had caused 132 human cases of influenza in China, most of which resulted in severe disease and 37 of which were fatal.[@bib2] These H7N9 viruses are avian influenza viruses with low pathogenicity. Gene segments are derived from H9N2 viruses of poultry origin and the haemagglutinin and neuraminidase gene segments come from wild-bird origin H7 and N9 viruses, respectively.[@bib1] 71% of 131 reported cases have been in individuals older than 50 years,[@bib3] and thus such patients seem more at risk of severe disease and death than are younger individuals.[@bib4]

The reasons for this disproportionate age distribution are largely unknown. It has been speculated that older individuals might have higher exposure to infected poultry, which could also be the reason why more men than women are affected.[@bib5] However, many patients did not report contact with poultry, the incidence of H7N9 influenza virus infections in poultry seems very low, and the incidence of avian influenza A H5N1 virus infections was higher in younger than in older individuals within the same population, all of which argue against this possible explanation.

Alternatively, elderly people could be more prone to develop severe disease upon infection with avian influenza A H7N9 viruses. Ageing is an important risk factor in viral respiratory tract infections (eg, caused by influenza or severe acute respiratory syndrome coronavirus) and is associated with changes in immune function.[@bib6] In elderly people, these infections can cause severe pneumonia triggered by exacerbated innate host responses, which was confirmed experimentally in aged non-human primates.[@bib7] However, the disease caused by H7N9 viruses resembles that caused by H5N1 viruses, and therefore changes in innate immunity are unlikely to be the only cause of the disproportionate age distribution.

The age distribution of patients infected with H7N9 contrasts with that of the 2009 pandemic influenza A H1N1 virus. This virus was of swine origin and its haemagglutinin gene resembled that of human influenza A H1N1 viruses that circulated before 1950.[@bib8] Therefore, individuals born before 1957 could have been exposed to these viruses earlier in life and developed antibodies or memory B cells, or both, that cross-reacted with the pandemic A H1N1 viruses.[@bib9], [@bib10] The older age group were afforded some protection against the pandemic strain via the presence of these cross-reactive antibodies, [@bib11] and were therefore spared compared with younger people during the 2009 pandemic and subsequent influenza seasons in which the virus continued to circulate.

We postulate that interference of pre-existing antibodies with infection of elderly people by pandemic A H1N1 virus might have had negative effects. It might have prevented the induction of recall cross-reactive virus-specific T-cell response, which could contribute to heterosubtypic immunity. Rapid and strong CD4 and CD8 T-cell responses were recorded in individuals infected with the pandemic A H1N1 virus,[@bib12] which might have been absent in older patients as a result of protective pre-existing antibodies to pandemic A H1N1 virus, resulting in higher susceptibility to infection with H7N9 virus ([figure](#fig1){ref-type="fig"} ). Similarly, yearly vaccination of high-risk patients against seasonal influenza prevented the induction of virus-specific CD8 T-cell responses, which would usually be induced by natural infection with seasonal influenza viruses[@bib13] and was noted in animal models.[@bib14] A possible explanation is that the presence of cross-reactive antibodies predisposed for more severe disease, a finding that, although not previously noted in influenza, has been reported for some viral diseases.[@bib15] FigureTheoretical effect of immunological imprinting on disease severity in H7N9 avian influenza A virus infectionsSO=swine origin.

During the influenza pandemic of 1957, which was caused by the H2N2 subtype, individuals who had previously been infected with the H1N1 virus were less likely to be infected with H2N2 influenza than were those who had not.[@bib16] The low incidence of severe H5N1 infections in elderly compared with younger people might be related to the presence of cross-protective antibodies to neuraminidase that are induced by seasonal influenza A H1N1 viruses.[@bib17]

Overall, we postulate that antibodies to pre-1957 influenza A H1N1 viruses protected elderly people against pandemic A H1N1 virus infection, but consequently affected the development of heterosubtypic immunity and the disease outcome of H7N9 virus infections. The rate and timing of pandemic A H1N1 virus infections might have revealed the differences in H7N9 disease outcome, by contrast with historical infections with seasonal influenza A H3N2 viruses. This counterproductive imprinting of immunity might increase susceptibility to H7N9 virus infection. For that reason, older individuals should be given priority for vaccination if sustained person-to-person transmission of H7N9 viruses emerges. To obtain a better understanding of the role of imprinting of the adaptive immune system in H7N9 disease severity, prospective cohort studies in which cross-reactive T-cell immunity and virus-specific serum antibodies are tested for are imperative before possible wider spread of the virus.
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